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CHAPTER I - INTRODUCTION 
This study examines students' concepts1 of time and geologic processes and 
probes for alternative conceptions in these areas which would be of relevance for 
science education. 
As a teacher of earth science for fourteen years, I have sensed that there 
are resistances by students to having an appreciation for geologic time. A well 
developed concept of geologic time would provide the necessary framework for 
understanding the enormous span of time in which uniform geologic processes as 
well as biological processes have occurred on earth. Also evolutionary change is a 
process that students should comprehend, thus enabling them to conceptualize an 
evolutionary theory for living things.Part of the problem is that students have 
virtually no understanding of the enormous spans of time between the origin of the 
earth, the origin of life and the origin of man. 
It is my contention that the reason for resistances to having a clear concept 
of geologic time stems from alternative conceptions about geologic processes and 
the concept of time itself. In particular if students do not view time as infinite 
and independent of man and also perceive geologic processes as discrete events 
rather than a continuous process, it would be difficult to have an appreciation of 
geologic time. Geology provides a good framework for measuring time. Perhaps 
the concept of geologic time would be clearer if the student were to conceptualize 
the geology of the earth in terms of uniform processes throughout geologic time. 
For example, the Grand Canyon represents this process. For at least six million 
years the Colorado River has been cutting through the Canyon exposing an 
unusually complete section of Pre-Cambrian and Paleozoic Rock dating back 
approximately 3 billion years. This permits a reconstruction of the geologic history 
of this region. By eroding the sedimentary rock strata to a depth of 10,000' the 
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Colorado River has uncovered the layered rock so that the relative age could be 
determined. Geologists see this uniform process of the river in direct relation to 
ongoing geologic time. It is because of this geologic process that the region's 
geologic age can be studied and investigated accurately. 
STUDENTS' CONCEPTS 
In recent articles in cognitive science, it has been shown that students have 
alternative conceptions about the physical world (see Resnick, 1983, for a review). 
These articles have emphasized the importance of identifying the basis of these 
alternative conceptions. Work has focused primarily on physics, but one recent 
study on geology contrasts the views that children and adolescents hold regarding 
mountains with the scientifically acceptable view (Happs, 1981). 
In this study some evidence is shown for alternative concepts; children think that 
volcanoes are caused by a discrete rather than a continuous process, i.e., plate 
tectonics. However, this study probed a limited set of variables and did not 
involve the issues of geologic time. Many studies of children's conceptions of time 
have been presented but they focus on present time rather than geologic time. 
According to a recent review, different aspects of time are understood at radically 
different ages. There seems to be no principled way of deciding what constitutes 
true understanding (Siegler, 1983). One question raised by these studies is whether 
students understand time as a single entity or as a limited set of domains in which 
temporal concepts are expressed. Researchers have not presented detailed models 
of perceiving the individual aspects of time or an integration of these aspects. 
Geology may require an integrated conception of time. 
A mature conception of geologic processes measured in time would involve an 
awareness that these processes have changed the face of the earth since its origin 
and continue to change the earth today. Possible alternative conceptions are that 
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students see future time as finite not infinite and the underlying forces of change 
on the earth to be discretely acting and not continuously acting Another aspect of 
students' alternative conceptions would be that existence is purposive, man and/or 
life centered. I consider that a religious orientation may contribute to such a 
framework and these factors are important and should be acknowledged by 
teachers of geology at the secondary level. 
HISTORICAL BACKGROUND 
One reason to expect students to have alternative conceptions in the area of 
geology and time is that understanding geologic process as uniform continuous 
change was an achievement which only occurred relatively late in the history of 
science. Prior to this time geologic processes were considered more discrete. The 
world view prevalent at this time was that of a man-centered universe and 
religious beliefs blocked inquiry in many areas of science. 
The following historical sketch describes some of the changes that have taken 
place in the history of thinking about the earth. The concept of geologic time 
began when theories about the earth's origin were first being formulated. Strabo 
(63 B.C. - A.D. 23 ) saw volcanoes as natural safety valves permitting the escape 
of dangerous terrestrial vapors. Seneca (A.D. 3 - A.D. 65) made the same 
comparison regarding earthquakes resulting from terrestrial vapors becoming 
turbulent within the earth's cavernous interior. Here we can identify some early 
concepts which are alternative to our present day concepts regarding the earth. 
Did they perceive volcanoes and earthquakes to be designed specifically for the 
purpose of disposing the dangerous vapors from the earth? This view is not only 
teleologic but also extremely pessimistic regarding the geology of the earth. 
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Theoretical questions engaged the attention of scholars interested in the 
Earth Sciences, especially with regard to the origin of the "figured stone" or fossils 
so widely found in sedimentary rocks. 2 The great philosopher Aristotle believed 
fossils were grown in rocks by eggs or seeds buried with accumulating sediment, 
germinating after burial. The ancient records of Herodotus (485 - 425 B.C.) show 
the presence of marine shells far inland in Egypt and he concluded that they had 
been left there by the retreating waters of some earlier sea. Pythagoras during the 
sixth century B.C. is said to have taken marine creatures high in the mountains of 
Greece as evidence of the elevation of a former sea bed. 
In much the same way as concepts differed concerning the origin of volcanoes 
and earthquakes, alternative concepts were linked to fossils and their origin. But it 
wasn't until the seventeenth century that it was generally accepted that fossils 
could only be organic in origin. At this time there developed the parallel notion 
that the necessary exchange of ancient sea beds into modern dry land must have 
occurred during the universal flood as explained in the Bible. Also, in the Christian 
world it was the Bible that offered a divinely inspired account of the earth's early 
history. As a result, the flood became a favorite device to explain geological 
features by most students of earth science. Even through the early years of the 
nineteenth century the flood was still being invoked as an explanation for many 
phenomena by reputable scientists. Belief in the flood was by no means the only 
scripturally based idea to influence earth science; there was an even more 
important belief about the earth's origin. The various genealogical accounts of the 
Old Testament were studied by chronologers in order to arrive at a date for the 
"Creation." The most renowned of these was the Irish prelate James Ussher (1581-
1656) who in 1650 published his conclusion that the Creation had taken place in the 
year 4004 B.C. 
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It wasn't until Nicholas Steno (1638-1686) illustrated his theory on the stages 
of the evolution of the earth that a geologist displayed an understanding of many 
important modern geological concepts. He accepted the organic fossils, the nature 
of sedimentary strata, marine transgressions, and formulated laws of stratigraphy 
still being used today. 
Stratigraphy is the science that deals with layered sedimentary, metamorphic 
and igneous rocks as well as sediment that has not turned into rocks (river beds). 
Geologic time is closely related to stratigraphy since it can be represented in a 
material sense by features of the earth whose age relationships may be determined 
throughout by the application of stratigraphic principles. These include the 
following laws and methods: 
1. Law of Initial Horizontality which states that rock strata are layed down 
horizontally. 
2. Law of Superposition which states that older rock is on the bottom in 
strata. 
3. Cross-cutting Relationships which states that the feature that is cut is 
older than the feature that cross-cuts it. 
4. The Principle of Inclusions which states that an inclusion is younger than 
any rock it includes or intrudes (magma pluton). 
5. Unconformity which states some areas are often uplifted vertically and 
eroded leaving unconf ormities in the rock strata. 
6. Faunal and Floral Layering which demonstrates that the fossil record 
regarding older organisms is found deeper in the rock strata while more recent 
organisms are found above them. 
7. Radio-carbon Dating which is the process that is used to determine the 
age of fossils relative to atomic decay. 
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Stratigraphy correlates laws and methods for determining the age of strata. 
Let us now identify the uniform processes established by Hutton and Lyell in the 
early 1800's. Hutton's concept of uniformitarianism states that the same processes 
that shaped the earth from the origin are continuously shaping the earth with 
greater or lesser intensity today. This brought credibility to the science of 
geology. 
The uniform processes of geology include the following: 
1. Folding: Opposing forces which bend rock strata. 
2. Faulting: Structured breaks in strata. 
3. Vulcanism: The resurrection of magma through craters due to densities 
less than surrounding rock types. 
4. Glaciers: The movement of large sheets of ice. 
5. Erosion and Deposition: The wearing away and transport of land to be 
deposited in some other location. 
6. Weathering: The breaking of rock mechanically or chemically. 
7. Rock Cycle: The continuous movement of rock from igneous to 
sedimentary to metamorphic. (DIAGRAM I) 
According to accounts written by historians most geologists of the first half 
of the nineteenth century accepted that the earth must be very old. As far back as 
1779, Georges Leclerc had argued that 75,000 years must have elapsed since the 
origin of the earth. Also in Russia Mikhail Vasilievich Lomonosov had proposed 
that the earth must be hundreds of thousands of years old. In 1785 Hutton had hope 
for unlimited time and by the 1830's geologists were thinking of the age of the 
earth in terms of millions of years. To some extent this development was a result 
of diminished respect for the scriptures and their chronology, but far more 
important in bringing about the change were two discoveries arising from the 
stratigraphic studies in Europe. First, these studies had revealed the enormous 
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thickness of the world's sedimentary pile. In On the Origin of Species, Charles 
Darwin (1809-1882) quoted 13. 75 miles (22km.) as the cumulative total of the 
British stratigraphic column. Clearly the formation of so great a thickness of 
sedimentary strata must have occupied an enormous length of time. Second, within 
such sedimentary rocks an amazing variety of fossils, many representing extinct 
life forms, were discovered. It seemed obvious that the development of species 
and the extinction of that species must have occupied an eon of geologic time. 
(Table I) 
Physicist Lord Kelvin (1824-1907) did cause some consternation in geologic 
circles when he employed physical arguments in an effort to restrict the age of the 
earth to less than 50 million years. His reasoning was based upon the supposed rate 
of the earth's cooling from its presumed origin as a gaseous ball, but the logic was 
later undermined by the discovery that the release of radioactive energy was 
constantly changing the earth's balance. This left geologists free to turn to the 
belief that the age of the earth was 4.6 billion years. 
It was Sir Charles Lyell (1797-1875) who made the geological world fully 
aware of the possibility inherent in the extended time scale. The first volume of 
his classic Principles of Geology was published in London in 1830 and achieved 
enormous popularity reaching its twentieth edition in 1875. It was Lyell's object to 
demonstrate the validity of Hutton's thesis that slow-acting material processes, 
such as those operating today, are entirely adequate to explain all geological 
phenomena, provided sufficient time is allowed for their occurrence. There was no 
need to invoke catastrophic events, in order to suppose that present processes had 
operated with greater intensity in former years. Lyell had taught that the present 
is the key to the past, the principle of the uniformitarian philosophy. 
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The Huttonian theory had suggested that earth's history consisted of an 
endless succession of interchange of land and sea. This sequence of submergences 
and emergences was essentially unravelled by the 19th century stratigraphs through 
the studies of the earth's strata, some formations being of terrestrial origin and 
others, marine. But they were to discover that the story of the earth was far more 
complex than Hutton could have supposed. In three areas, paleontology, 
paleoclimatology and plate tectonics, the complexities of the geologic history 
proved to be quite astonishing. 
Long before the 19th century it had been recognized that many fossils were 
representative of now extinct species. It had been quite clear that extinction was 
by no means a fate reserved for fairly small creatures i.e., corals and mollusks. In 
the 1770's Pierre Simon Pallae (17 41-1811) described the remains of the extinct 
wooly mammoth and wooly rhinoceros which were so widespread in the Russian 
Arctic. The geological world was nevertheless entirely unprepared for the 
discovery of the remains of the great Mesozoic reptiles, the dinosaurs. The first 
dinosaur fossils to be identified (iguanadon) were unearthed in the 1820's. Equally 
famous were the remains of the ichthyosaurs and plesiosaurs retrieved by Mary 
Anning (1799-1847) from the Liassic clays on the south coast of England. By the 
middle of the century a wide range of massive Mesozoic creatures were known, 
they immediately captured public interest. Many of the most remarkable 
discoveries of extinct reptilian and other vertebrate life forms were made between 
the 1860's and the 1880's in the Mesozoic tertiary beds of the American West. It 
was these paleontologic discoveries which provided the vital historical underpinning 
for the most famed of the 19th century scientific theories - Darwin's theory of the 
origin of species by means of natural selection. 3 
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Geology revealed that dramatic changes had occurred in the earth's flora and 
fauna and remarkable fluctuations in the earth's climates were also discovered. In 
particular it became quite clear that recently there had been a glacial period 
during which large portions of the earth's surface had been covered by ice sheets 
that today are found in Antarctica and Greenland. The glacial theory began to be 
developed during the 1820's in Switzerland following the realization that erratics, 
moraines, striations and other phenomena related to glacial relief could most 
conveniently be explained by supposing those glaciers once had been more 
extensive than today. In 1836 this idea had been adopted by Louis Aggasiz (1807-
1873) whose view was that the whole continent of Europe had been covered by ice 
flowing southward from the North Pole. To many this idea of a glacial deluge 
seemed to be like a reversion to catastrophy, particularly since there seemed to be 
no mechanism for the climatic change. But gradually, during the 1840's and 1850's 
it became increasingly clear that the ice from former glaciers did offer the best 
explantion of the vast spread of sand and gravel in the Northern Hemisphere. 
The third of the three discoveries was that our continents had been subjected 
to tectonic movement upon a gigantic scale. 4 In some places, vast slices of rock 
were found to be folded and twisted in huge rock formations. It was in 1841 that 
Arnold Eschus von de Linth (1807-1872) first described such structures in the Alps. 
In the 1880's Lapworth identified similar structures in the Northwest Highlands of 
Scotland. 
The first half of the 19th century saw the earth sciences take rapid strides 
forward, the second half of the century was a period of consolidation. One sign of 
the increasing maturity of the Earth Sciences in the years after 1850 was the 
establishment of specialist societies, i.e. the Mineralogical Society (1876) and 
Seismological Survey of Japan (1880). Geologists were also feeling the need for 
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closer international cooperation and following an American initiative, the 
International Union of Geological Sciences was founded. Its first meeting was held 
in Paris in 1878. 
One of the most significant developments in the Earth Sciences during the 
second half of the 19th century was the development of a new and vitally 
important technique: the examination of rock in thin sections using the 
petrological microscope. Its originator, W. Nicol (1768-1851) in Edinburgh, in order 
to study the microstructure in fossil woods, ground down some wood fragments 
until they became semi-transparent and could be studied more accurately through 
the microscope. This became more relevant to geology when this technique was 
applied to thin sections of rock strata. 
One of the other developments of the second half of the nineteenth century 
was in Pennsylvania in 1859. The world's first oil well was drilled. Until then 
geologists had not thought about the nature of oil or natural gas, nor the possibility 
of large-scale exploration of the world's oil resources. Geologists had neither 
contemplated how or why oil and natural gas could have been derived nor their 
origin beneath the strata. 
It was Lord Rutherford (1871-1937) who in 1902 suggested that the newly 
discovered radio-active properties of certain elements could be employed as a key 
to the measurement of geologic time in quantitative terms. The earliest effort in 
this field of radiometric dating involved using the known decay rates of uranium 
and thorium into helium and lead, but today a variety of other methods is employed 
allowing remarkable precision in the dating of many of the earth's rocks. 
In the history of science it wasn't obvious to scientists that the earth was in a 
state of constant change for billions of years. Similarly, most students find this 
feature of the restless earth a difficult one to grasp. This brief review of the 
history of geology shows what kinds of analysis had to be incorporated in order to 
lead to such an understanding. 
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CHAPTER II - METHODS AND PROCEDURES 
DF.SCRIPTIONS OF THE INTERVIEWS 
The questions for the interview were carefully prepared in order to probe 
some possible alternative conceptions that students have regarding geologic time. 
The sample of students participating in this study was comprised of both urban and 
suburban school students who ranged in age from 13 - 19. They were from middle 
and senior high schools and were chosen from a population of 100 - fifty high school 
students and fifty middle school students. A total of ten were randomly selected 
by putting all 100 names into a box and drawing each participant's name. Each 
student completed a participation statement and had a legal guardian/parent sign a 
waiver. All participants had taken at least one year of earth science which 
included the study of geology. 
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QUESTIONNAIRE: 
I would like you to participate in a study that I'm conducting for the purpose 
of discovering how students think about TIME and some related subjects. 
First of all there are are NO RIGHT answers as I'm only interested in YOUR 
PERSONAL OPINION. 
So here we go!!! 
I. What is time? 
II. How does man measure time? 
clocks? 
stars? 
sun? 
Press student for understanding of how 
measures and records time. (cyclic proc-e-ss_e_s..-) __ _ 
III. How did man measure time in the past? (before clocks) 
"Only add this if it is essential." 
IV. Do you think animals have a sense of time and can measure it? 
yes Pres. for what an animal uses to measure time. 
sun 
stars possible answers when "How does it do that" 
moon 
Could man measure time the same way animals do? 
V. Was there ever a time when some animals existed, but man was not 
present on earth yet? 
No! (Do you mean man has always existed?) 
(How long is that?) 
Yes! (Do you mean man has not always existed on earth?) 
VI. Do you think the earth has always existed? 
No! Well how old do you think the earth is? 
Can you think of anything older than the earth? 
Yes! You mean there isn't anything older than the earth? 
VII. Has the earth been changing since its beginning. 
Yes! Can you give me some examples of how it's 
different now. 
What causes or produces these changes. 
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VIII. Have the continents always existed as they are now? 
If no: how have the continents changed? What forces 
might have produced these changes? Have the oceans 
always existed as they are now? How have they changed? 
Has the atmosphere always existed as it is now? Have 
plants and animals always existed on the earth? 
How have they changed? 
Probe for kinds 
of processes 
which might 
produce these 
changes. 
IX. Do you expect that the earth will continue changing in the future? 
Do you think those changes will make it look radically different 
from how it does today, or do you expect it to remain about the same? 
Can you think of any way the earth can be used to measure time? 
X. Do you know what the Grand Canyon is? Do you know how it was 
formed? Can you think of some way that the Grand Canyon can be 
used to measure time? 
IX. (For those who said man always existed) 
A You said man always existed. Has man changed in any way 
during his existence? How has he changed? 
(For those who said man didn't always exist.) 
B You said the earth existed before man. When do you think man 
first appeared on earth? How did man get here? Has he changed 
in any important ways since he made his appearance? How? 
XI. Why do you think people exist? Why do you think there are animals? 
Why have animals, like dinosaurs ceased to exist? 
Do you think man is an animal? 
Do you think there are important differences between man and (other) 
animals? If so what are they? 
XII. Are you interested in questions about the history of the earth and the 
history of man? Have you thought about it much? Read about it? 
What factors have been important in shaping your views? 
XIII. Do you think there will always be time, or that time will come to an 
end? Why? Could there be time if there were no people or does time 
depend on people? 
XIV. What is time? Have your views about time changed during this 
interview? How? 
15 
CHAPTER ill - RESULTS 
INTRODUCTION: 
The central purpose of this thesis is to describe students' concepts regarding 
geology and time. The procedure involved reconstructing a portion of their 
conceptual framework in order to probe the notion of geologic time which is 
embedded in their description of geology and time. The ref ore, the protocol 
examined questions designed to discern the following 1. Students' general 
conception of time 2. Students' understanding of geologic/biologic change 
3. Students' commitment to a purposive and/or religious explanatory framework 
and 4. Students' conception of how the earth can be used to measure time. 
The following is a description of the results for each aspect mentioned, as 
well as some of the interrelationships among these aspects for each individual 
student. 
L Conception of Time: 
A mature concept of time might show continuity through processes acting 
with unlimited duration in the present, past and future. Two important dimensions 
are the concept of infinity and the concept that time is a variable independent of 
man. Possible alternative conceptions would be students' concept of time as finite 
and as a variable linked to man. 
In order to probe the students' concept of time the following questions were 
asked; 1. Do you think there will always be time, or that time will come to an 
end? 2. Could there be time if there were no people or does time depend on 
people? These questions were posed in order to probe whether students had the 
concept of time as infinite or finite and also whether they linked time with man's 
existence (Independent or Subordinate). Table A presents the results for both of 
these dimensions. 
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TABLE A 
Students Concept of Time (2 Features) 
Infinite Finite 
S-1 X 
S-2 X 
S-3 X 
8-4 X 
S-5 X 
' 
8-6 X 
S-'l X 
S-8 
S-9 X 
S-10 X 
* dependent on life 
FEATURE I: (Time as Infinite) 
X 
X 
X 
Independent Subordinate 
X 
X 
.... X " 
X 
X 
X 
X 
X 
X X 
X 
Three of the participants claimed that time was finite in response to the 
direct question; "Do you think time will come to an end?" However, only 1 of these 
3 students showed no indication of the infinity of time throughout the entire 
interview. The other two students gave evidence that time could be infinite. For 
example, S-3 began by expressing two somewhat different views about what was 
the concept of time. Question: "What is time?" S-3; "Time is what life is ••• ; time 
is eternity and lasts forever." She then went on to contradict one of her views by 
saying "Someday time will come to an end." At the end of the interview she said 
that time was more complex than most people thought. The other subject was S-9 
who seemed to undergo a systemmatic change and clarification about time. 
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Q: Will there always be time? 
S-9: If we make time. 
Q: Did man make time? 
S-9: I am saying this, that if we have nuclear war then there will be no more 
time; but if we are careful there will be time. 
Q: Will time exist if man doesn't? 
S-9: There will always be time, but there may not be people. 
Q: What is time? 
S-9: Didn't you already ask that? Time is like passing. 
Q: Have your views changed during this interview? 
S-9: Yes, I understand that there will always be time because I thought 
before that when I died it would be over. 
This realization of time was rather unique among the participants since no other 
student changed their original statement as dramatically. What this case can be 
attributed to is not quite clear, perhaps the sequence of questions had something to 
do with this transformation of thought. 
Seven participants showed a concept of time as clearly infinite, which they 
did not contradict in other parts of the interview, for example, 
S-4: "I think there will always be time because time never ends." 
FEATURE II: (Time as Independent of Man) 
The second feature regarding the students' concept of time is whether they 
link time with man or whether time was independent of man. This was probed by 
the question, "Could there be time if there were no people or does time depend on 
people?" Seven participants agreed that time was independent of people. Some 
examples: 
S-4: "Sure, time doesn't depend on people." 
S-7: "No, there will always be time." 
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An interesting concept of time being independent of people was conceptualized by 
one student as she claimed, " I think it's just the opposite. People depend on time, 
without it there wouldn't be people." 
Only three participants claimed time to be subordinate, for example: 
S-5: "Without measurement there would be no time." 
S-8: "Time depends on people." 
However, one of these students changed her (S-9) mind while answering this 
question. Originally she claimed that time depended on man, "If we have nuclear 
war there will be no time," but later she exlaimed, "Yes, I understand that there 
will always be time." Also one student who thought that time was independent of 
people, nonetheless tied time to life. 
The Interrelationship of these Two Features: 
Table A shows that six of these students had a concept of time that was both 
infinite and independent of man. The one person who consistently maintained that 
time was finite also maintained that time was dependent on man. Both students 
who flirted with the idea of time as finite also considered possible dependencies 
between time and people or time and life. Although this result is preliminary it 
does suggest that there are alternative ways in which students conceptualize time 
in terms of these two variables. 
IL CONCEPTIONS OF GEOLOGIC/BIOLOGIC CHANGE: 
A student with a mature concept regarding geologic change might see the 
earth as constantly changing in the past as well as the present through continuous 
geologic processes. This is what sets the environment for biologic change. This 
student also can see life as beginning long after the earth came into existence and 
slowly evolving with man appearing in very recent time. 
19 
There were three possible alternative conceptions about geologic/biologic 
change which were probed in the interview. They were: 
1. No change at all 
Some students could believe the earth has remained essentially unchanged 
since the beginning. To find whether students see the earth as not changing in the 
past or present, the following questions were asked; "Has the earth been changing 
since its beginning?" "Have the continents always existed as they are now?" "Have 
the oceans also existed?" " Has the atmosphere always existed as it is now?" "Have 
plants and animals always existed on earth?" 
2. Discrete vs. Continuous Geologic Processes 
Some students could hold the view that the earth has a limited number of 
geologic phenomena that occur isolated in time and are not part of the continuous 
process of change on earth. In other words they conceptualize geologic change as 
stemming from a discrete rather than a continuous process. Their answers to the 
question, "What forces might have produced these changes?" were analyzed to 
determine whether they appealed to discrete events or to a continuous process. 
3. Man vs. Geologic Process 
Some students may believe that man is a major cause of geologic change. To 
determine whether this was so, the question was raised "Do you expect the earth 
will change in the future?" and "Do you think those changes will make it look 
radically different?" "Why'?" This issue was pursued to see whether they appealed 
to man's actions rather than geologic processes continuing to act in the future as 
the important sources of change. 
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RESULTS 
1. No change at an. 
Results showed that all participants accepted that the earth has changed in 
the past and will continue to change in the future. Thus, no participant held the 
view that the earth is unchanging. At any rate the participants may underestimate 
the extent of change. Only three students clearly understood that plants and 
animals did not exist from the beginning of the earth. Five students stated that 
they always existed and some of the rest were unsure. Two participants 
inadvertently weren't asked the question. This feature of the results suggests some 
students may have a more lif e-centerd view of the earth than geologists. In 
further studies it would be interesting to probe the students' beliefs concerning the 
conditions for life and the origin of life on earth. 
2. Discrete vs. Continuous Geologic Processes 
All students mentioned that the continents had split apart in the distant past. 
However, only one student (S-3) appealed to continuous processes in descsribing 
movement of continents. For the rest the forces described are discrete rather than 
continuous. Here participants implicitly underestimated the magnitude of change 
that had occurred and continues to occur on earth. (See Table B) 
TABLE B 
Students' explanation for continental movement. 
FORCE DISCRETE CONTINUOUS 
S-1 earthquake continents split apart 
S-2 earthquakes continents changed position 
S-3 glacier ice age 
sliding plate plate tectonics 
. 
8-4 volcanoes, glacier continents move around 
-
S-5 volcanoes island ( volcanic) 
8-6 earthquake, volcano continents spread apart 
S-7 volcanic activity land mass shifted 
S-8 earthquake,volcano land mass shifted 
S-9 earthquake,volcano broken up and sank 
-
S-10 earthquake,volcano broken apart (land mass) 
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Another example of participants appealing to discrete rather than continuous 
forces can be shown by the following question with regard to the Grand Canyon: 
Q: What formed the Grand Canyon? 
A: Was it an earthquake or volcano? 
Q: Anything else that could have caused it? 
A: A tornado maybe by erosion. 
Here is a good example of the problem. The student is appealing to a discrete 
rather than continuous process of change. The student first attempts to explain 
the Grand Canyon by discrete forces (earthquake rather than a coninuous process 
of sedimentaiton (river). One bias students may have is to believe that dramatic 
results are brought forth by dramatic forces. One of the insights of modern 
geology is that dramatic changes in the earth's structure can frequently result from 
the slow action of continuous forces. 
3. Students' concept of forces of change in the future (Table C) 
TABLE C 
Man as the main force Geologic Process 
S-1 always changing 
S-2 man-centered (pollution) 
I 
S-3 
'. 
slow process 
8-4 rotates and revolves 
S-5 man-centered (pollution) 
S-6 man-centered(?) cars, trucks 
S-7 (mentions pollution)? 
S-8 man-centered (war) 
S-9 man-centered (war) 
S-10 changed since beginning 
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All the students thought the earth would continue to change in the future 
however, six participants regard man as the agent of change. No mention of 
geologic process was made by this group. Two say that pollution may be the cause, 
two say that pollution through industrialization and technology is definitely the 
cause and two more point to nuclear war as the force that will change the face of 
the earth. These six seem to believe that man is a significant agent for geologic 
change. Only three mention that the same forces acting in the past will continue to 
act in the future and the other is less clear about the forces of change. 
The degree of man's intervention and the resulting modification of the earth's 
structure is an interesting subject. How does it parallel earth's forces? Do 
students imply that man is a significant force that can change the face of the earth 
by his technology and by tampering with the environment? Are these students 
putting too much emphasis on man and not enough on the processes of geologic 
change? What kind of impact and man-centered thinking does this demonstrate? 
In terms of geologic time man has only been in existence for perhaps 4-5 million 
years. In comparison the dinosaur, extinct for some eighty million years, existed 
for one-hundered sixty five million years. Did the dinosaurs have less of an impact 
on the earth and live for some one hundred sixty million years longer than man has 
already lived on the earth? Again this points to participant's man-centered 
concept of the earth. 
Ill. 'fHE NATURE OF STUDENTS' EXPLANATORY FRAMEWORK. 
Most scientists' explanatory framework would not include any link of natural 
phenomena with purpose or God. The way in which the world operates is according 
to certain physical laws without predetermined purpose, created or otherwise. A 
possible alternative conception would show a strong commitment to purposive 
and/or religious explanation. 
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To begin to assess participants' beliefs in a purposive universe they were 
asked the following sequence of questions: 
1. Why do you think man exists? 
2. Why do animals exist? 
Table D shows students answers to these questions both with respect to 
(a.) whether they believe man exists for a purpose; (b.) whether they saw animals 
as having a purpose. 
TABLED 
Students' belief in purpose for man and animal 
I ' MAN ANIMAL 
S-1 X 
S-2 X 
S-3 X X 
8-4 X X 
S-5 X X 
$-6 X (not asked) 
S-7 X X 
S-8 X X 
. 
S-9 X 
S-10 X X 
The overwhelming majority of students believed that there is some 
purpose in the universe. The kinds of purposes were of a variety of types. Some 
referred to God's purpose or a religious purpose: S-6 "Well, I could go by the Bible, 
or I could go by science. But I prefer religion." S-7 "I think that being God's 
creation the purpose is to first prove ourselves if we are capable of dwelling in the 
House of our Lord forever and ever." Others made no religious references but still 
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believed in purpose: S-3 "We have a life and we are supposed to see how much and 
how far we can go and do with that life." S-5 "to help the entire universe and help 
the Milky Way or something like that so people will know about us." 
Only a couple thought man had no real purpose: S-2 "they don't (people) have 
a specific use, we just live." S-9 "We're just here." 
The answers to the question "Why do animals exist?" revealed not only a 
purposive framework but a man-centered one; all students typically responded by 
explaining how animals meet man's needs. 
Table E shows the number of students that referred either to God's purpose or 
another religious purpose by answering questions: How did man get here? Why did 
people exist? 
TABLE E 
Students' who ref erred to God or religious purpose . 
. 
God Religion 
S-1 
S-2 
S-3 X 
s-4 
S-5 
S-6 X X 
S-7 X X 
S-8 X 
S-9 
. 
S-10 
Conclusion: In summary, virtually all participants were heavily influenced by a 
purposive framework in viewing natural phenomena such as the existence of man 
and animals. 
framework. 
Fewer students were specifically committed to a religious 
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A further study could investigate whether believing in purpose creates 
roadblocks to the understanding of evolutionary theory. 
IV. CONCEPTIONS OF HOW TIME IS MEASURED AND OF HOW THE EARTH 
CAN BE USED TO TELL TIME. 
A scientist's view would show time measured by specific events recorded 
periodically in time. Time can be measured in the past the same way it can be 
measured today; that is, with reference to regularly occurring events which take a 
known period of time. Scientists view phenomena, like the Grand Canyon, in 
similar ways. For instance, they know that the walls of the Canyon were laid down 
separately with the oldest rock on the bottom and that the Canyon was cut by the 
action of the Colorado River which also took time. They can estimate age by the 
rate of erosion and by dating the specific types of rock. 
There are several ways students may have alternative conceptions regarding 
the measurement of time. 1. They may not appeal to natural events to measure 
time - but only to clocks. 2. They may see the earth as able to measure time, but 
only by events which occur in the present such as daily rotations. 3. They may fail 
to appreciate the continuous change that occurs within the earth today. 
The first questions are: How do students spontaneously think man and 
animals measure time? What is it tied to? Table F - (1st and 2nd columns) 
summarizes their answers to these questions. 
All students can think of some presently occurring natural event to measure 
time. Most common are the changing seasons and the rising and setting sun. The 
measurement of time is not tied to clocks but primarily appeals to regular events 
in the present. 
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TABLE F 
MEASUREMENT OF TIME 
man animal earth Grand Canyon 
S-1 sun seasons Grand Canyon layered 
sand clocks fossils 
water dripping rock there; 
sand clocks worn away 
S-2 sun instinct time to go different layers 
seasons seasons around sun of earth 
also different 
eras 
S-3 stars, sun seasons changes in earth how long to cut 
sundials/ calendar days could measure marks of erosion 
time 
S-4 clocks night/day how it changes counting layers 
sun dials over time of sediment 
night/day 
S-5 clocks seasons spins on axis fossils in deep rocks 
stars every 24 hours; 
rising/setting revolve around 
sun - 365 
S-6 clocks sun rocks how far down 
stars (dating method) rocks goes 
to tell 
S-7 lifespans instinct by things it fossils 
sun contains like fossils lies in rocks 
even cutting tree 
in half - counting 
rings of trees 
rock samples 
S-8 morning/night dark/light no fossils and dead 
sun/stars animals (river drying out) 
S-9 sun sun no, but probably how deep and age 
clocks special sense could of rocks 
dark/light 
S-10 sundials instinct erosion through age of fossils 
calendars time 
clocks 
The second question is whether students can spontaneously think of a way the 
earth can be used to measure time. Table F shows that two participants (S-8 and 
S-9) could spontaneously think of no way the earth could be used to measure time. 
One other (S-5) only appealed to ways it could measure time in the present 
(rotation). The others made some reference to geologic processes although only 
one clearly refers to an event in the distant geological past (S-1) 
S-1: "Like in the Grand Canyon you can look at how many millions of years 
ago at the top layers and you can tell where the earth was worn away." 
Students' ability to think of a way that the earth could measure geological 
time was more specifically probed with two questions about the Grand Canyon: "Do 
you know how the Grand Canyon was formed?" and "Can you think of a way that 
the Grand Canyon can be used to measure time?" 
In answer to the question about how the Grand Canyon was formed, 6 realized 
that it was formed by the Colorado River cutting through rock. However, only one 
participant (S-1) explicitly said that the rocks were there already and then cut 
through, and no participant talked about how the rock itself was formed. Of those 
participants who didn't appeal to the river as a cutting force: one participant 
appealed to glaciers going through caves (S-6), one mentioned earthquake or 
volcano (S-9), and a third mentioned by a river drying out (S-8). This last 
alternative conception was most interesting because it represented a way of 
thinking about this natural phenomenon in keeping with a static world picture-
envisaging the whole structure as essentially preformed. One participant was not 
asked this question. 
Table F (Column 4) shows that all participants agreed that the Grand Canyon 
could be used to measure time and could think of some aspect that was relevant. 
However, there is reason to be cautious in interpreting the depth of their 
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understanding for two reasons. First, as can be seen from Table G, only 5 children 
explicitly refer to the layering of the strata, and one of these shows from her 
spontaneous comments that she clearly misinterprets the meaning of the strata. 
For example, S-3 thinks the strata reflect the lines of erosion of the river. It 
would be interesting to know if other students shared this misperception if 
specifically probed. S-3 thinks of the Grand Canyon as measuring the time it took 
to cut the Canyon (but not the time to form walls). No other participant so clearly 
showed this misconception. At the same time their comments are often 
ambiguous, and it would be interesting to probe further on this issue. 
Table G also shows that although participants all appealed to relevant 
dimension for dating, they tended to refer to them in isolation and with a few 
exceptions didn't reveal a clear understanding of the process. 
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TABLE G 
Student understanding of stratigraphy 
DEPTH STRATA FOSSIL DATING CONCEPT 
S-1 X incomplete 
S-2 X X incomplete 
S-3 X partial 
8-4 X X incomplete 
S-5 X X X clear 
S-6 X X incomplete 
S-'l X X X clear 
S-8 X partial 
S-9 X X incomplete 
S-10 X X incomplete 
Key: 0 - 4 (poor) 1 - 4 (partial) 2 - 4 (incomplete 3 - 4 (clear) 4 - 4 (excellent) 
In answering the question "Can the Grand Canyon be used for measuring time?" 
only 20% show clear concept of process and measurement, 60% incomplete, 20% 
partial. Some examples: 
Partial: S-8 "Fossils and dead animals." 
Incomplete: S-6 "How far down the rock goes, by measuring rocks and land." 
Clear: S-'l "Well you have layers which build up forming structures." 
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SUMMARY: 
1. For most participants time was infinite and independent of man, but a few 
had alternative conceptions with respect to these features. 
2. All participants saw the earth as changing, but evidence showed that they did 
not perceive change the way a geologist would. They underestimated change 
and some believed that life was there since the beginning. In analyzing the 
forces of change most participants held the process to be discrete. In 
predicting future changes only a few appealed to continuity of geologic 
processes, while others had a man-centered view of change. 
3. Most participants thought both man and animals have purpose and that animal 
purpose was mostly man-centered. A few had an explicitly religious 
framework for purpose. 
4. All participants used natural processes to measure time, but a few couldn't 
spontaneously think of a way to use geologic processes in the past to tell the 
age of the earth. Most showed a limited understanding of these processes. 
Some had alternative conceptions concerning the layering of the Grand 
Canyon with respect to the way it was laid down. 
5. In all areas the results were preliminary and further ways to examine 
alternative conceptions were suggested. It was also suggested that the 
geology teacher needs to understand several aspects of the students' 
conceptual framework, i.e., time, biologic/geologic change, and purpose to 
understand sources of resistance to modern geology. 
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CHAPTER IV 
DISCUSSION: ISSUES RAISED FOR SCIENCE EDUCATION 
IMPLICATIONS FOR SCIENCE EDUCATION 
The findings of this study suggest there may be important alternative 
conceptions about geology and time. One finding shows that students attribute 
geological change to discrete rather than continuous forces. This is consistent with 
Happ's finding about children's concepts of mountains. Others, especially 
regarding time have not been previously considered. The work is, of course, 
preliminary, but interesting hypotheses are generated to be pursued more 
systematically in further research. The findings of this study support the recent 
studies of Minstrell (1982) and Resnick (1983) warranting further input by educators 
to acknowledge and establish what alternative concepts students have in science. 
Students do come to school with preconceived notions about sophisticated areas of 
physics and geology. It seems only reasonable that in order to teach more 
effectively, we as educators, must be aware of the significance of students' 
conceptions in the classroom. Determining the origin of these concepts may cause 
a re-evaluation of our own educational philosophies. Diligent probing on behalf of 
teachers in identifying how students perceive this world and acquire their concepts 
could be imperative. As we have seen, students do not easily relinquish naive 
theories about their world, and until they learn to challenge these theories with 
new ideas they may not become critical thinkers. 
There are always inherent problems with doing a study of such great 
magnitude, especially one that really has never been done before. How do you 
collect meaningful data, and how much data is needed to make the study feasible? 
What significance does all the data bear? Perhaps the best idea is to collect as 
much information as possible while documenting everything. A tape recorder is 
necessary for interviewing. A sensitive technique for interviewing is extremely 
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important. Students should be encouraged to express opinions and the reasoning 
behind their opinions in a relaxed atmosphere. The interviewer should also be 
careful not to influence any response in the student. Another essential aspect of 
the study is to distinguish the critical information from the superfluous. 
Personally, all the data can be utilized at some point. Professional cooperation 
from other educators in disseminating materials and data collection is needed. The 
process of gathering evidence to support the study and identifying the hypotheses 
are most definitely the main components for determining the greatest potential for 
the study. 
These demonstrations of the potent role of naive theories in science learning 
contribute to a new conception of the learner and the learning process. This 
research suggests that learners construct their own understanding; they do not 
simply express what they are taught. Also learners look for meaning and order 
without complete information, thus naive theories will be part of the learning 
process. Information without organization and structure will be forgotten. 
"Theories that children are being taught in school often cannot compete as 
reference points for new learning because they are presented abstractly and remain 
unorganized and unconnected to their past experience." (Resnick, 1982) 
How can we improve geology instruction with this knowlege of alternative 
conceptions? First, one of the implications of this study shows that it may be 
useful to probe children's general conception of time. This might be approached 
through open ended classroom discussion posing questions in which students infer 
how time is measured. For instance, one subject reports in the protocol that man 
measures time by sand clocks. Perhaps a sand clock could generate class discussion 
if the students are asked to explain how sand clocks measure time. Another 
question posed might be "Can you think of a way man could measure time in the 
past?" 
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Secondly, in teaching about geologic processes the teacher should be aware 
that students look for dramatic forces resulting in dramatic changes. Therefore, 
when explaining geologic phenomena students must be challenged for deeper levels 
of explanation and not solely for a description of past events. The teacher should 
stress that slow acting forces can lead to dramatic changes in the earth. 
Third, students should test specific predictions about man as a source of 
geologic change. These can be then contrasted and compared to geologic forces 
such as plate tectonics. 
Finally, on this question of purpose, educators must realize that many 
students hold religious views that can hamper their understanding of geology and 
time. This area is extremely sensitive and must be approached with care and 
consideration. Perhaps, questions prompting naturalistic explanations to a certain 
set of geologic processes might allow students a coherent mind set with which to 
operate. 
COMMENTARY 
It is hoped that the substance of this paper has demonstrated the fact that 
alternative conceptions do exist in the conceptual framework that students have 
regarding geology and time, which could hamper their ability to assimulate geology 
in school. Without key concepts concerning geology and time students may remain 
at a loss to fathom the link of uniform process through geologic time. Recently 
science education through studies in cognitive science have become more aware of 
the existence of alternative conceptions, and how to use them in a constructive 
way. However, new case studies are necessary in order to probe students' thinking 
in all areas of science. 
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APPENDIX: SUBJECT PROTOCOLS 
S-1 AGE: 13 
~ What is time? 
A: Things elapse as in sequence, it's hard to explain because it's so big. 
~ How does man measure time? 
A: In ancient time they measured it by the sun and by shadows, measured in 
weeks, sand clocks and stuff, 24 has minutes, days, hours, seconds. 
~ How did man measure time before clocks? 
A: By shadows on a stone tablet, water dripping down in a cannister and as it 
drips you can keep time and by sand clocks. 
~ Do animals have a sense of time and can measure it? 
A: Yes. 
~ What does an animal use to measure time? 
A: Birds know when to get up and go to bed and when to fly and stuff. 
~ Any other kind of animal that measures time? 
A: Animals that hibernate over the winter. 
~ Could man measure time the same way as animals do? 
A: Well, I think it's natural instinct to them but we have to make something to 
tell the time. 
g_;_ Was there a time when some animal existed before man did? 
A: I'd say so. 
~ Do you mean that man has not always existed? 
A: Yes. 
~ Has the earth always existed? 
A: No. 
~ How old do you think the earth is? 
A: . Millions of years old. 
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~ can you think of something older than the earth? 
A: The universe, the stars, galaxies, etc. 
~ Has the earth been changing since its beginning? 
A: Yes. 
~ How? Is it the same or different? 
A: At first the earth was all lava and hot and now it has cooled down and life 
started and all the water and everything is constantly changing. 
~ What caused some of these changes? 
A: Like erosion by the climates and stuff like that. 
~ Have the continents existed as they are now? 
A: No. 
~ How have they changed? 
A: At the beginning they were all one big continent all together and then they 
split apart but you can put them together like pieces to a puzzle. 
~ What force might have caused this splitting? 
A: Earthquakes and just time, I guess. 
~ Have oceans always existed as they are now? 
A: No. 
9.:, How have they changed? 
A: They have had changes in them, salt and oxygen content and life in it and how 
that changes the ocean and what we put in it - wrecks and stuff like that. 
~ Has the atmosphere always existed as it is now? 
A: No. 
~ How has it changed? 
A: Different layers, Co2, oxygen and sun radiation but we can change that too. 
~ Have plants and animals existed on earth? 
A: No - from the beginning, no. 
S-1 
~ How have they changed since then? 
A: Well, I say they've gotten bigger and can adapt to life and they change their 
leaves and they grow and that's how they change. 
Q.: Do you expect that the earth will continue to change? 
A: Yes, it's always changing. 
~ Will these changes make it radically different later? 
A: It will be different. 
~ Can you think of any way the earth can be used to measure time? 
A: Like in the Grand Canyon you can look at how like millions of years ago at 
the top layers and you can tell where the earth was worn away and these 
different layers tell you about the sand. 
~ That was my next question about the Grand Canyon. 
A: Rocks were there and they were worn away by the water. 
~ Can you think of how the Grand Canyon can be used to tell time? 
A: By the layers of sand millions of years ago and the animals that turned to 
fossils. 
~ How did these fossils get there? 
A: When they died they got covered up by mud and turned to stone. 
~ How can we see them now? 
A: The sand gets worn away and we can see them. 
~ When did man first appear on earth? 
A: Thousands of millions of years later. 
~ How did he get here? 
A: He could have come from apes and lower life. 
~ What do you mean lower life? 
A: Micro-organisms that suddenly get bigger and bigger. 
S-1 
40 
Q! Has man changed since his first appearance? 
A: He's taller and body is longer and keeps changing. 
Q! Why do people exist? 
A: It's hard, maybe we're not here for a purpose. We might be but that's hard to 
know but mostly we're here for just no real reason. 
Q! Why do you think that there are animals? 
A: Animals are important for disease control for education and fertilization. 
Q! Are they more important than man? 
A: No, I think that they are equal. 
Q! Why have some animals like dinosaurs ceased to exist? 
A: They couldn't adapt to the different stages of cold, so they died out. 
Q! Are there important differences between man and other animals? 
A: We can communicate and provide for ourselves. 
Q! Are you interested in questions about the history of man? 
A: Yes. 
Q! What factors have shaped your thinking? 
A: Religion maybe but I go along with the scientific because it's something you 
can hold on to. 
Q! Will there always be time? 
A: There will always be time but in the Big Bang Theory I read about they said 
that we're expanding back to a little man-thing but I'd say there will be time 
all over again. · 
g_: Can there be time if there are no people? 
A: It's hard to say because we don't really know because we've always been here 
but I'd say it'll still go on without us. 
Q! What is time? 
A: That was the first question. 
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~ It's the last one, too. 
A: Time is how things elapse. 
~ Have your views changed during this interview? 
A: No, not really. 
S-1 
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~ What is time? 
A: Time is the period of when something happens or why it happens. 
~ How does man measure time? Clocks? Sun? Stars? 
A: We measure time by use of clocks, the sun, changes in seasons and by 
different happenings in nature. 
~ How did man measure time in the past? (before clocks) 
A: They used sundials, and just seeing where the sun is positioned. 
~ Do you think animals have a sense of time and can measure it? 
A: Yes, I think animals have a sense of time. By a built-in sense they don't know 
they have. Like birds knowing when to fly South. 
~ Could man measure time the same way animals do? 
A: No, man cannot measure time like animals do. 
~ Was there ever a time when some of the animals existed, but man was not 
present on earth yet? 
A: Yes, there was a time without humans. 
~ Do you mean man has not always existed on earth? 
A: Yes. 
!l:_ Do you think the earth has always existed? 
A: No. The earth hasn't always existed. 
~ How old do you think the earth is? 
A: Probably a few billion years old. 
~ Has the earth been changing since its beginning? 
A: Yes. 
~ Can you give me some examples of how it's different now? 
A: Well, the positions of continents, oceans, mountains and deserts have 
changed. 
~ What causes some of these changes? 
A: Different things happening in our atmosphere, or even abrupt changes in 
seasons. 
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~ Have the continents always existed as they are now? 
A: No, their positioning has changed. 
~ What forces might have produced these changes? 
A: Well, if something from outer space came close to the earth, and gravity 
changed them. Or earthquakes might have. Tides washed part of it away 
too. 
~ Have the oceans always existed as they are now? 
A: No, they could've been in different places. 
~ Has the atmosphere always existed as it is now? 
A: No, I doubt it. We give off a lot of pollution now. 
~ Have plants and animals always existed on earth? 
A: Not the same ones we have now. 
~ How have they changed? 
A: They've changed in appearance. 
~ Do you expect the earth will continue changing in the future? 
A: Yes. 
~ Do you think those changes will make it look radically different from how it 
does today, or do you expect it to remain the same? 
A: I expect there will be radical changes. 
~ How? 
A: It'll probably look a lot different. Probably pollution will change it. 
~ Can you think of any way the earth can be used to measure time? 
A: Yes, by the time it goes around the sun, or in relation to the other planets. 
Also by the different eras. 
~ Do you know what the Grand Canyon is? 
A: Yes. 
~ Do you know how it was formed? 
A: By a stream running thru and eroding it. It's really long and deep. 
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Q.;_ Can you think of some way that the Grand Canyon can be used to 
measure time? 
A: By the different layers of earth. 
~ You said the earth existed before man. When do you think man first 
appeared on earth? How did he get here? 
A: Probably hundreds of thousands of years ago at least. He probably evolved 
from some animals that were here before. 
~ Has he changed in any important ways since he made his appearance? 
How? 
A: He's gotten more knowledge about how to live and everything. Like the first 
men, they just lived in caves and everything. 
~ Why do you think people exist? 
A: They don't have a specific use, we just live. 
~ Why do you think there are animals? 
A: To help keep the balance of nature. 
~ Why have animals, like dinosaurs ceased to exist? 
A: Dinosaurs died because conditions changed, and they couldn't adapt. 
Q.;_ Do you think man is an animal? 
A: Yes. 
~: Do you think there are important differences between man and other 
animals? 
A: Yes, we are smarter and more sophisticated. 
~ Are you interested in questions about the history of the earth and 
the history of man? 
A: A little. 
~: Have you thought about it much? 
A: Sometimes. 
Q.;_ Read about it? 
A: Yes. 
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~ What factors have been important in shaping your views? 
A: My teachers that I've studied it from. 
~ Do you think there will always be time, or that time will come to an end? 
A: Yes, there will always be time because when there is no time, there is 
nothing left. 
~ Could there be time if there were not people, or does time depend on 
people? 
A: No, time doesn't depend on people. 
~ What is time? 
A: Time is everything, when it is; how long it takes; and when it will happen 
again. 
~ Have your views about time changed during this interview? 
A: Yes, but I am confused, though. But it makes me think about it a little more. 
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~ What is time? 
A: Time is what life is. We have time to live and die. That is one person's 
lifetime. Time - as not persisting to a person's life - lasts forever, and 
eternity. Time can be like an hour, a minute, a second, week, month, year. 
Q! How does man measure time? 
A: Man first measured time by the sun and sundials. Clocks, watches, 
and calendars were later developed -that's what we use now. 
Q! How did man measure time in the past? 
A: Man used to measure time by the sun and stars and probably sundials 
Q! Do you think animals have a sense of time and can measure it? 
A: Yes, I think they have natural instincts. They probably don't care about 
things like 1 or 2 o'clock, but they most likely know days and seasons. 
Q! Could man measure time the same way animals do? 
A: Probably. 
Q! Was there ever a time when some of the animals existed, but man was not 
present on earth yet? 
A: Yes. 
Q! Do you mean man has not always existed on earth? 
A: Yes. Some say man evolved from monkeys. Some say God put man on earth. 
Either way, animals must have been here first, or rather without man. 
~ Do you think the earth has always existed? 
A: No. The earth is probably very old, but the sun, some other planets and stars 
are older. 
Q! Has the earth been changing since its beginning? 
A: Yes. Anarctica was believed to have been tropical at one time. Also, 
glaciers changed the earth during the ice age. Man also changes the earth. 
Q! Have the continents always existed as they are now? 
A: No. The simple answer is the sliding plate theory. Then the basic part of 
the ice age changed it. Man, too. The sun's rotations have changed the 
continents, climates and environments and the atmosphere, too. 
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g;, Have plants and animals always existed on earth? 
A: No. They have developed over time. 
g;, Do you expect the earth will continue changing in the future? 
A: Yes. The earth will change, but probably not radically at once. It will 
probably take time like it did before. 
~ Can you think of any way the earth can be used to measure time? 
A: The changes in the earth could measure time. 
~ Do you know what the Grand Canyon is? 
A: Yes. 
~ Do you know how it was formed? 
A: Yes. By erosion from the Colorado River. 
~ Can you think of some way that the Grand Canyon can be used to 
measure time? 
A: Maybe by the marks of the erosion of the river. 
~ You said the earth existed before man. When do you think man first 
appeared on earth? How did he get here? 
A: That really depends on your beliefs, whether he evolved through a monkey 
over years of environment changes or whether God just put Adam down and 
said, "Here you go - make a go of what I've done!" I, personally, do not know 
which one I believe. 
g;, Has he changed in any important ways since he made his appearance? 
How? 
A: Definitely, man has changed. We are more intelligent than we ever were. 
We learn how to think better and better all the time. 
g;, Why do you think people exist? Why do you think there are 
animals? 
A: I think humans and animals exist to live. We have a life and we are supposed 
to see how much and how far we can go and do with that life. Animals are 
necessary for us to live. They provide us with food. 
g;, Why have animals, like dinosaurs ceased to exist'? 
A: Animals and dinosaurs have become extinct because they could not adapt to 
environment changes. 
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Q.;, Do you think man is an animal? 
A: Yes. 
~: Do you think there are important differences between man and other 
animals? 
A: Not many. 
Q.;, Are you interested in questions about the history of the earth and 
the history of man? 
A: I guess I am a little. 
~: Have you thought about it much? 
A: Not really. 
Q.;, Read about it? 
A: No. 
Q.;, What factors have been important in shaping your views? 
A: Trying to figure out what came first and how it got here. 
Q.;, Do you think there will always be time, or that time will come to an end? 
A: Someday time must come to an end. 
Q.;, Could there be time if there were not people, or does time depend on 
people? 
A: I think it's just the opposite. People depend on time. Without it, I think there 
wouldn't be people. 
g_;_ What is time? 
A: Time is time. It's read on a clock or a calendar, counted in 
seconds, hours, etc. It's life. It's confusing. 
Q.;, Have your views about time changed during this interview? 
A: Yes, I think my views have changed. Now I think time is a lot more involved 
than most people think it is - more than I did or thought about, really thought 
about before. 
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~ What is time? 
A: Time is lengths of divided segments that people regulate things by. 
~ How does man measure time? 
A: Man uses clocks to measure time. 
~ How did man measure time in the past? (before clocks) 
A: With sun dials 
~ Do you think animals have a sense of time and can measuree it? 
A: Yes, but they tell it by night and day. 
~ Could man measure time the same way animals do? 
A: Yes, man can do the same thing. 
~ Was there ever a time when some animals existed, but man was not 
present on the earth? 
A: Yes, because man was once an animal. 
~ Do you think the earth always existed? 
A: Yes, because there would be nothing if it was not for the earth. 
~ You mean there is nothing older than the earth? 
A: No. 
~ Has the earth been changing since its beginning? 
A: Yes. Many continents have moved. 
~ What causes or produces these changes? 
A: Glaciers and volcanoes changed the face of the earth. 
~ Have the continents always existed as they are? 
A: No, but they move around and wear away. 
~ Have the oceans always existed the way they are now? 
A: No. They change also. They've gotten larger and smaller and shift around 
the moving continents. 
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Q=. Do you expect the earth will change in the future? 
A: Yes. 
Q=. Do you think those changes will make it look radically different from how it 
does today or do you expect it to remain about the same? 
A: Yes. It will look differently by the way it rotates and revolves. 
Q.=, Can you think of any way the earth can be used to measure time? 
A: By seeing how it changes over time. 
g_;_ Do you know what the Grand Canyon is? 
A: Yes. 
g_: Do you know how it was formed? 
A: Yes. It was formed by a river. 
g_;_ Can you think of how the Grand Canyon can be used to measure time? 
A: By counting the different layers of sediment. 
g_;_ You said that man always existed. Has man changed in any way during his 
existence? 
A: Yes. He walks upright now, and he is more intelligent. 
g_;_ Why do people exist? 
A: People exist so there will be life. 
g_;_ Why do you think that there are animals? 
A: Animals live to keep human life going. 
g_;_ Why have some animals like dinosaurs ceased to exist? 
A: Because they became extinct. No food for them to eat. 
Q.:. Do you think there are important differences between man and other 
animals? 
A: No. Not really. Maybe the way we are able to think. 
g_;_ Are you interested in questions about the history of man? 
A: No. 
g,: Have you thought about it much? 
A: No. 
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g_: Read about it? 
A: No. 
~ What factors have been important in shaping your views? 
A: I don't really care about the history of earth. 
~ Do you think there will always be time, or will time come to an end? 
A: I think there will always be time, because time never ends. 
g_: Can there be time if there are no people? Or does time depend on people? 
A: Sure. Time doesn't depend on people. 
~ What is time? 
A: Time is the regulator of events. 
~ Have your views changed during this interview? 
A: Well, I know a little bit more about time, now. 
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Q_;_ What is time? 
A: Time is - it's not days or whatever - it's periods between events like it's just 
there - a thing that's always there - you just have to be aware of it. 
Q! How does man measure time, stars? sun? clocks? 
A: I guess the first man did it by the sun and stars; now we're more technical we 
have clocks. 
Q_;_ How did man measure time in the past? Before clocks? 
A: They used the stars to help him and the setting sun and the rising sun. 
Q! Do you think animals have a sense of time and can measure it? 
A: Yes. 
~ What does an animal use to measure time? 
A: It uses - say they lived in New England it uses the change in seasons, some 
animals gain fur and when winter is all over - they shed fur in the summer. 
Some animals hibernate or whatever. 
~ Can man measure time the same way animals do? 
A: Yes, I think so. 
~ Was there ever a time when some animals existed, but man was not present? 
A: Yes. 
~ Do you mean man has not always existed on earth? 
A: Yes. 
~ Do you think earth has always existed? 
A: Not always, always, but it's been there for quite a while. 
~ Well, then how old do you think it is? 
A: Couple billion years. 
~ can you think of anything that might be older than the earth? 
A: The sun. 
~ Has the earth been changing since its beginning? 
A: Yes. 
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~ can you give me some example of how it's different now? 
A: When it first got here, however it got here, it was all matter, rocks and lava. 
Now, it's cooled off, and we have oceans, continents and grass and trees and 
all that stuff. 
~ What do you think causes some of these changes? 
A: Well I think in the beginning, like how we got our seas and our oceans - when 
the earth cooled off, precipitation rose from the heat and we had moisture in 
the air. I guess it rained or something like that. And it rained so hard, that 
the water just stayed there and now we have our oceans. 
~ Have the continents always existed as they are now? 
A: No. 
~ How have they changed? 
A: Like I think it was all one big land mass and then it started to break off. 
~ What forces might have produced the breaking off? 
A: Volcanoes could have or when the oceans first formed they could have pushed 
the land out of the way. 
~ Do you think the oceans have existed always as they are now? 
A: When the earth is constantly moving and land could get in the way of the 
ocean and then get pushed over or a volcano could erupt and an island could 
form out of that. 
~ Has the atmoshpere always existed as it is now? 
A: No. 
~ How has it changed? 
A: Well, when it was first formed it was clean and now with pollution and all 
that stuff the air is changed because of industry. 
~ Have plants and animals always existed on earth. 
A: I think so. Some form but not like they are now. 
~ How have they changed? 
A: Before they were more like lizard types but now they have changed big 
creatures to small creatures and got more cells and I think plants changed 
because it used to be all tropical before but now we have different kinds of 
plants during different seasons. 
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g_;_ Do you think the earth will continue to change in the future? 
A: Yes. 
g_;_ Do you think those changes will make it look radically different than it does 
today? 
A: About 10 years you can't notice it but 100 years from now we'll see different 
kinds of changes. 
g_;_ What will make it change? 
A: Man will because he plays a big part in the industrialization and technology 
and making every newer and stuff. 
g_;_ Can you think of how the earth can be used to measure time? 
A: Right now? Well it spins of the axis every 24 hours and revolves around the 
sun every 365i days so we can measure it from that really. 
g_;_ What about the earth before it was old? 
A: Early man did'nt measure time in years like we do. 
g_;_ How are we able to measure how old it is? 
A: I think the animal left traces of bones and archeologists can discover how old 
they are and cavemen left pictures on the walls that we can read to tell that. 
g_;_ Do you know what the Grand Canyon is? 
A: Yes. It's a canyon with hollows all around it with land all around it with steep 
sides. 
2;_ How was it formed? 
A: By a river, I think the Colorado and it weaved its way through and then 
erosion took place. 
g_;_ Do you know of a way that the Grand Canyon can be used to measure time? 
A: Yes, because it must have fossils deep in the earth and when the river came 
through scientists must have found stuff that was deep that they could only 
reach with their instruments. 
g_;_ When did man first appear on earth? 
A: During the end part of the Dinosaurs when they started to change into 
another animal that's when man started to appear. Maybe like an ape and 
changed their formation over the years so they look how they are right now. 
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Q: How did we get here? 
A: They probably evolved from another animal. 
Q.;, Has man ehanged in any important ways since he first made his appearance? 
A: Yes, we're not all really hairy and facial features have changed. We're also 
taller but getting shorter again and I'll guess we'll change to taller again. 
Q:. How about now? 
A: Now we can speak in a civilized manner and speak in different languages 
besides figuring out things for ourselves instead of letting it be there and not 
really guessing what took place to cause it. 
Q:. Why do people exist? 
A: I really don't know probably take up space or maybe to help the entire 
universe and help the milky way or something like that so that people will 
know bout us. 
Q.;, Why are there animals? 
A: We evolved from animals and they can produce to help us along the way. 
Q:. Why are animals like dinosaurs extinct? 
A: When the earth was changing they didn't have enough of their kind of food 
and plants changed the plant dinosaur died and when they died the meat 
dinosaurs died. 
Q:. Is man an animal? 
A: Yes, first an ape to what we are now. 
Q:. Are there important cliff erences between man and animal? 
A: We're different from a dog or somthing because we're civilized. We use 
language that we can understand and have houses and ...•. 
Q:_ Are you interested in the history of man? 
A: I have read about it and sometimes I can't fall asleep thinking about how we 
got here. 
Q:_ What factor has shaped these views? 
A: Well first of all I go to church so they implanted the Adam and Eve story in 
my head but when I read about it in a science book I changed my view 
because it seemed more logical then the Adam and Eve stuff. 
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~ Do you think that there will always be time or will it come to an end? 
A: I think time will always be there but the earth may not always be here but 
time will. 
~ Does time depend on people? 
A: Yes, because without measurement there will be no time. 
~ Have your views about time changed during this interview? 
A: Not really, I think its a force that will always be with us as long as we're 
here. In maybe 100 years they may have different views about time but I 
don't know. 
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~ What is time? 
A: Time is like space, well, things that go forward into the future. 
~ How does man measure time, stars? sun? clocks? 
A: By the years, days, hours. 
~ By anything else? 
A: By his watch. 
~ How did man measure time in the past? 
A: They made something sort of like a clock. No, by the stars. 
~ Do you think animals have a sense of time? 
A: Yes. 
~ How does an animal measure time? 
A: I guess they would use the sun. Kinda like the time of day. 
~ What would they use to measure time? 
A: By the way the sun moves east to west. 
g_: Can man measure time the same way animals do? 
A: Yes. 
~ Was there ever a time when the animals were present on earth, but man was 
not? 
A: Yes. 
~ So there was a time that man was not present on earth? 
A: Yes, you could say that. 
~ Was there a time when there was no earth? 
A: No. 
~ Is there anything other than the earth? 
A: Yes, but I don't know what they are. 
~ Has the earth changed since its beginning? 
A: Yes. 
~ How? 
A: It probably started out like ice then changed like it is now with grass and 
water. Half land and half water and with us being on it, and the atmosphere. 
~ Have the continents always existed as they are now? 
A: No. 
~ How could they have changed? 
A: Spread apart. 
~ What could have produced these changes? 
A: Earthquakes, volcanoes. 
~ Do you think the oceans have existed always as they are now? 
A: No. 
~ How have they changed? 
A: They're the same. 
Qi Has the atmoshpere changed? 
A: Yes. 
~ Have plants and animals changed the atmosphere? 
A: Yes. 
~ How? 
A: The plants take in Co2and give off oxygen for us to breathe in. But cars and 
trucks make it worse. 
~ Do you think the earth will continue to change in the future? 
A: Yes. 
~ Do you think those changes will make it look radically different than it does 
today or will it remain about the same? 
A: Change. 
~ Can you think of how the earth can be used to measure time? 
A: Rocks. 
~ How? 
A: They uses a method to tell, but I don't know exactly how. 
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Q! Dating? 
A: Yes, I think so. 
Q! Do you know what the Grand Canyon is? 
A: Glaciers went through. 
Q! Do you know how it was formed? 
A: Glaciers went though caves. 
~ Do you know of a way that the Grand Canyon can be used to measure time? 
A: How far down the rock goes, by measuring the rocks and land. 
~ You said that the earth existed before man, well when did man first appear 
on earth? 
A: I don't know. 
Q: How did he get here? 
A: Maybe God, maybe he just appeared. 
~ How could he just appear? 
A: By things growing. 
~ Has man changed in any important ways since then? 
A: When he first appeared he had no clothes. 
~ Why are animals like dinosaUl'S extinct? 
A: Ice Age. 
Q.;_ Why do people exist, Do we have a purpose? 
A: We must, but I don't know what it is. 
Q! Is man any different than other animals? 
A: Yes, we're smarter. 
Q.;_ Are you interested in questions about the history of of the earth or man? 
A: Both. 
~ Have you thought about it much? 
A: Yes. 
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~ Have you read about it? 
A: Yes, Earth Science; Biology; Oceanography. 
g_;_ Has your study of religion shaped your views? 
A: Yes. It's about 50 - 50. 
g;_ What do you mean? 
A: Well I could go by the Bible or I could go by science, both opinions. 
g;_ If you had both opinions which would you view as more important? 
A: Religion. 
g;_ Do you think that there will always be time or do you think it will come to 
an end? 
A: There will always be time, we may not be here but there will always be time. 
g;_ What is time? 
A: Time is like going into the future. 
g;_ Have your views about time changed during this interview? 
A: No. 
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S-7 AGE: 17 
~ What is time? 
A: Time is what everything is based on. It's universal, life, how long things will 
last, what life is based on. 
~ How does man measure time? 
A: He measures time from his point of view. 
~ How? 
A: He can predict the lifespan of certain animals or even for a human. 
~ How did man measure time in the past? 
A: They had their beliefs in wooden Gods but the most primitive way was 
watching the sun come up and down. 
~ Do you think animals have a sense of time and can measure it? 
A: Yes. 
~ How does an animal measure time? 
A: Instinct. 
~ How? 
A: Natural inborn they just know. 
~ Has man always existed? 
A: No, he hasn't. 
~ Has the earth always existed? 
A: No. 
~ Well, how old do you think it is? 
A: Extremely old, but it had to be created before it even started! 
~ Can you think of anything that might be older than the earth? 
A: No. 
~ Has the earth changed since its beginning? 
A: Yes. 
Q! Can you give me some example of how it's different now? 
A: Geographically, the mountains are now valleys. Where there's land now lakes 
and plateaus. 
Q! Have the continents always existed as they are now? 
A: No. 
Q! How have they changed? 
A: The land masses shift? 
Q! How? 
A: Volcanic activity, maybe currents of the water. 
Q.,;_ What forces might have caused this? 
A: Natural effects of changing from one state to another. 
Q! Do you think the oceans have existed always as they are now? 
A: No. 
Q.,;. How have they changed? 
A: The life that they contain is not the same. It's not prehistoric anymore. I'm 
sure its changed biologically also. 
!ii Has the atmoshpere always existed as it is now? 
A: No, even though we have a pollution problem I'm sure the air is more suitable 
than it was way back then. 
Q.,;_ Have plants and animals always existed on earth. 
A: Plants and vegetation were here first. 
Q! Was there a time when neither plants nor animals existed? 
A: I really don't know? 
Q.,;_ Do you think the earth will continue to change in the future? 
A: Yes. 
Q! Do you think those changes will make it look radically different than it does 
today? 
A: Well probably not in my lifetime but it will change. 
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Q.:, Can you think of how the earth can be used to measure time? 
A: By the things that it contains, like fossils even by cutting a tree in half you 
can find the age by counting the rings. 
Q.:, But your measuring 75-100 years with a tree but the age of the earth? 
A: Then you take rock samples, when you dig down deep. 
Q.: What's the correlation with digging down deep and the age of the earth? 
A: Well you have the layers which build up forming structures. So if you can get 
down to the first layer you could find out Step I - Step 10. 
Q.:, Do you know what the Grand Canyon is? 
A: Yes. 
Q.: How was it formed? 
A: Water currents shifted the rocks around 
Q.: Do you know of a way that the Grand Canyon can be used to measure time? 
A: It's full of scientific information, it's full of fossils and even a non-scientific 
person can see the lines in the rocks (layers). 
Q.: Did the earth exist before man? 
A: Yes. 
Q.: When did man first appear on earth? 
A: Millions of years ago. 
Q: How did man get here? 
A: Well the Bible tells us that God created man. 
Q.: Has man changed in any ways since he first existed? 
A: Dramatically, back then he didn't know all the things we know today. He is 
more efficient with the expanding knowledge and conveniences. 
Q.: Why do people exist? 
A: We're here for a purpose. 
Q.: Can you expound on that? 
A: I think that being God's creation the purpose is to first prove ourselves if we 
are capable of dwelling in the House of Our Lord forever and ever. 
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~ Why are there animals on earth? 
A: We live off them and they are part of the life cycle. 
~ Why are animals like dinosaurs extinct? 
A: They couldn't adapt to the changes that occurred. 
~ Is man an animal? 
A: Yes. 
~ Are there important differences between man and animal? 
A: Yes. 
~ What's the difference? 
A: Far more developed and far smarter than other animals and know more about 
the earth. 
~ Are you interested in the history of man or the history of the earth?? 
A: Both. 
~ Have you thought about it? 
A: Yes. 
~ Have you read about it? 
A: Yes, I have. 
~ What factors are important about shaping your views about it? 
A: Religious background and schooling and it's up to the individual to decide 
which they prefer. I believe in the Bible but don't cancel out the scientific 
view. 
~ Do you think that there will always be time? 
A: Yes. 
~ Could there be time without people or does time depend upon people? 
A: No, there will always be time. 
~ Can man become extinct? 
A: No. Because the Bible tells us so. Even though we possess the power to 
destroy ourselves it won't happen. 
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g_;_ What is time? 
A: Time is what everything I know is based upon, the season, life, your age. The 
way we live and work. 
g_;_ Have your views about time changed during this interview? 
A: No, not really. 
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S-8 AGE: 19 
~ What is time? 
A: I don't know? It's just time. 
g;, How does man measure time? 
A: Clocks. 
g;, How did man measure time before clocks? 
A: The sun, the stars! 
g;, How? 
A: There's early morning, noon, evening then night. 
g_;_ Do you think animals have a sense of time? 
A: Yes. 
g;, How do they measure it? 
A: Sarne as before, dark and light with their senses. 
g;, Can man measure time the same way animals do? 
A: Yes, that's the way the cavemen used to do it. 
g;, How? 
A: Evening, daylight. 
~ Was there ever a time when some animals existed, but man was not present? 
A: No, man always existed. 
g;, Do you mean man has always existed on earth? 
A: Yes, and on other planets too. 
~ For how long? 
A: Ever since the earth was here. 
~ Has the earth always existed? 
A: No ... Yes, it has to. 
~ Can you think of anything that might be older than the earth? 
A: There's nothing older, the earth has always been here. 
g_;_ Has the earth changed since its beginning? 
A: Yes. 
g,;, How has the earth changed? 
A: It's getting older. 
g,;, What do you think causes some of these changes? 
A: Things from outer space. 
g,;, Anything from on the earth? 
A: Earthquakes, floods, tidal waves, volcanoes. 
Q.;, Have the continents always existed as they are now? 
A: No, they've shifted. 
g;, How? 
A: Earthquakes, volcanoes. 
Q.;, Have oceans existed always as they are now? 
A: No. 
Q.;, How have they changed? 
A: Floods, ice melted I think? 
~ Has the atmoshpere changed? 
A: Yes, like when the dinosaurs existed there were swamps it was denser. 
Q.;, Have plants and animals always existed on earth. 
A: Yes, insects too! 
Q.;, Have they changed? 
A: Yes. 
Q.;, What caused the change? 
A: Time? 
Q.;, Good, How? 
A: Like incubation, like the eggs, they have a set period for a while before they 
hatch and the animals go through the same kinda thing. 
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Q.;, That's an interesting concept, do you think that the earth will change in the 
future? 
A: There might be wars that change the face of the earth. It might be barren no 
trees. 
~ Can you think of how the earth can be used to measure time? 
A: No. 
Q.;, Do you know what the Grand Canyon is? How was it formed? 
A: By a river drying out. 
Q.;, Can the Grand Canyon be used to measure time? 
A: Fossils and dead animals. 
Q.;, You said man has always existed, has he changed? 
A: During cavemen days when they hunted they had no guns. They hunted with 
spears. 
Q: Why do people exist, why are we here? 
A: To live. 
Q: Why? 
A: God put us here to work. 
Q.;, Why are there animals? 
A: So people can live off the animals. 
Q.;_ Why are animals like dinosaurs extinct? 
A: They had a set period for them to live, there is no food for them to eat. 
Q.;, Who sets the time? 
A: God? Or probably the planet sets the time. It's not that swampy for them, 
there is no place like that for them to stay. 
Q.;_ Are you interested in questions about the history of the ear or man? 
A: Yes, both. 
Q.;_ Have you thought about it much? 
A: No, I haven't. 
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~ Where would you find out about it? 
A: The library, and in school. 
g;_ How about the Bible? What do you believe more, what's more valid? 
A: Books from school because they have more up to date stuff than the Bible. 
The Bible was written a long time ago. They probably made the Bible up 
themselves. It probably wasn't real, what they talked about. 
g;_ Do you think that there will always be time or will it come to an end? 
A: For us it will end and time will stop, unless we find another planet. 
g;_ Does time exist without man or does it exist because of man? 
A: There will be a time when something out there will end us right here, time 
depends on people. 
~ Did time exist before people? 
A: There was a time before we were, before someone put us here. That might 
have been God above. 
~ What is time? 
A: Time is time. Time goes on. It's a continuing process you might say. 
~ How have your views changed? 
A: They've always been like that! 
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S-9 AGE: 16 
g_;_ What is time? 
A: Time is time. I can't explain it like a period I guess. 
g_;_ How does man measure time? 
A: By clocks. 
g_;_ How did man measure time before clocks? 
A: By looking at the sun and telling how long it takes to go down. 
g_;_ Do you think animals have a sense of time? 
A: Yes. 
g_;_ Can they measure it? 
A: By telling whether it's dark or light. 
g_;_ What does an animal use to measure time? 
A: By it's eyes so he can see; also by the sun. 
g_;_ Could man measure time the same way animals do? 
A: A special sense that they have that tells them when to go to sleep and when 
to eat. 
~ Was there ever a time when some animals existed, but man didn't? 
A: Yes. 
~: How long? 
A: When in B.C. the dinosaurs existed but man didn't. 
g_;_ Do you think the earth always existed? 
A: No. 
~ How old is the earth? 
A: About 4 billion years old. 
~: Is there something older than the earth? 
A: The sun. Isn't it older? 
~ Has the earth been changing since its beginning? 
A: Sure. 
72 
~ How? 
A: The continents split up and there's less water. Wasn't here a lot more water 
before? 
~: Was there? 
A: No there's more water now. 
~: What's caused some of these changes? 
A: Earthquakes, volcanoes, erosion. 
~ Have the continents always existed the way they are? 
A: No, they used to be together. 
~: How have they changed? 
A: They've broken up and some sank. 
~: What forces provided them? 
A: Volcanoes, earthquakes. 
~ Have the oceans always existed the way they are now? 
A: No. They were a lot cleaner. 
~: How have they changed? 
A: Pollution. 
~: Has the atmosphere always existed? 
A: No. 
~: How has it changed? 
A: Air-pollution. 
~: Have plants and animals always existed? 
A: No. 
~: How have they changed? 
A: They formed differently and look different. 
~: How do you know that? 
A: Well I read it in a book about an eohippus horse. 
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~ What do you think the earth will look like? 
A: A wreck. 
Q.=. Can you think of any way the earth can be used to tell time? 
A: No, but it probably could. 
9i Can the Grand Canyon be used to measure time? 
A: Yes, by how deep it is and the age of the rocks. 
Q_: What formed the Grand Canyon? 
A: Was it an earthquake or volcano or something like that. 
Q.=. Anything else that could have caused it? 
A: A tornado maybe by erosion. 
9i Is there anything inside the layers of rock? 
A: It's not like the rings of a tree or anything, but may like a boundary. 
9i When did man first appear on earth? 
A: I'd say about 3000 B.C. 
9i How did man get here? 
A: Some people say God, some people say he came from an animal like an ape, 
but they have apes now and how come they didn't change? But I say from an 
animal like the ape. I don't think anyone will ever know for sure. 
9i Has man changed since his first appearance? 
A: Yes 
9i How? 
A: His face and body structure. 
~: Why do people exist? 
A: To make other people happy ... No, I don't know we're just here. 
~: Does man have a purpose? 
A: We're just here like all the other creatures. 
~ Why are there other animals on earth? 
A: The same reason why we're here on the earth. 
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~: How are these animals important to man? 
A: They help us by providing food, clothing and kill dangerous animals from 
having us. 
~: Why are some animals like dinosaurs extinct? 
A: I guess they couldn't produce fast enought or maybe an epidemic or something 
like a disease. 
~: Are there important differences? 
A: We can talk and we can think, but they can think too. 
~: Are you interested in questions about the origin of man? 
A: No. 
~: What has shaped your thinking? 
A: Reading and thinking. Like I don't believe there's anything up there (points to 
the sky) nor anything down there (points to the floor). I believe we are just 
here and can keep going on and on. 
Q! Will there always be time? 
A: If we make time. 
~: Did man make time? 
A: I am saying this that if we have nuclear war then there will be no more 
time, but if we are careful there will be time. 
~: You're saying that time will not exist if man doesn't? 
A: There will always be time, but there may not be people. 
Q! What is time? 
A: Didn't you ask that already? Time is like passing. 
~ Have your views changed during this interview? 
A: Yes. I understand that there will always be time because I thought before 
that when I died it would be over. 
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S-10 AGE: 18 
g_;_ What is time? 
A: Months, weeks, hours, seconds, years. 
g_;_ How does man measure time? 
A: Man uses clocks and calendars. 
g_;_ How did man measure time before clocks? 
A: With sun dials 
g_;_ Do you think animals have a sense of time? 
A: Yes. 
g_;_ How do they measure time? 
A: They know when it's time to breathe, die. 
g_;_ What does an animal use to measure time? 
A: Instinct, I think. 
g_;_ Any kind of animal that can measure time? 
A: All animals measure time like a fish knows when it's time to go upstream to 
breed. 
g_;_ Could man measure time the same way animals do? 
A: Yes, I think so. 
g_;_ Was there ever a time when some animals existed, but man didn't? 
A: Yes. 
g_;_ You mean that man has not always existed? 
A: Yes. 
g_;_ Has the earth always existed? 
A: No, It had to be made to. 
g_;_ What do you mean it had to be made? 
A: It wasn't always here. 
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g_;, How old is the earth? 
A: Billions of years. 
~ Can you think of something older? 
A: The universe, the sun. 
~ Has the earth been changing? 
A: Yes. 
~ How? 
A: Continents were once one big land masses and now they're broken apart. 
~ What caused or produced these changes? 
A: Earthquakes, volcanoes, time and erosion. 
~ What forces might have been working? 
A: Water, wind, pressure. 
~ Have the oceans always existed the way they are now? 
A: No. They've changed. 
~ How? 
A: The rocks have been worn down and the animals and stuff have changed 
inside. 
~ Has the atmosphere always existed as now? 
A: I think so, but now pollution has changed them. 
~ Have plants and animals always existed? 
A: Yes. 
g_;, Have they changed? 
A: Not all the animals now are the same as the beginning. They had to evolve. 
~ Will the earth keep changing? 
A: Yes. 
~ Do you think those changes will make it look different? 
A: Yes, look how it has changed since the beginning. 
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